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Abstract

Noeutrons obtained from the Li {p,n), ¢ (d,n) and D (d,n) reactions
were scattered by cyclohexane, CgHjs, and by carbon under conditions
of good geometry. The value of 73 obtained is in good agreement
with theory. The valus of d‘é shows en interesting resonance

phenomenon.
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Following the technique outlined in our previois reports
we have scattered neutrons of & wide range of energies from varicus
sizes and thicknesses 9of cyclohexane, CGH 12° &nd carbon in the form
of graphite.

as sources of neytrons we have used a thin, {--40 kv), L:
target with bombarding protons of discrete energies from 2.10 to 2.68
Mev to obta’n neutrons of ene{gies 0.35 to .97 Mev. Deuteron bombard-
ment of a thick carbon target™ checked the results for neutrons of
energy 1.0 » .1 Mev and bombarament of & thin carbon target proyided
neutrons of energies 1.6 and 2.0 Mev. & differential technigue™ with
thick haevy ice tuarxet s under deuteron bombardment served as neutron
sources of eunergies 2.0 to 6.0 Mev. In this manner we have overlapped
the various sources at 1.0 &and 2.0 Mev and gtined confidence in the
eneryy value ascribed to the neutrons studied. .

The neutrons from these sources were detected by count ing
the individual recoil protons in ionization chambers of various designs.
For the energy region up to 1.9 Mev the recoils were obtained from
methane at 60 1lbs./in.” in & 2.5 cm. diameter chamber 1.0 cm. deep.
By a suitable choice of bias, it was found possible to exclude the
detection of neutrons of energy 100 kev less than the energy umder
investigation. Since we are uot sure that neutrons of energy iess
than 250 kev might not be present in the Li {p,n) spectrum® at higher
bombarding proton energies even though the L: tarxet is only 40 sv
thick, this technique excludea them from contributing to our measure-
ments. ’

The D, C and the D, D neutrons were detected by counting re-
coil protons from & thin jparaffin radiator inside the front of an argon
filled icnization chamber. Biases were selected to favor the neutron
energy studied.

In all cuses the observed transmissions were correcteda for
scattering of neutrons into the aetector by the sc: tterer by assuming
that the scattering was spherically symmetrical in a center of nmsss
system of coordinates. The measurements of Kikuchi, et al,3 make this
uSsumpt .on reasonuble for the cuse of neutrons cf eneryy approximately
2.5 Mev scattered by carbon. "“he resurts of barschall =nd Kaimer
indicate that the wssumption is also true for hydrogen. In all cases,
the geometry is "woca™ ana the corrections to the observea transmissimn
are small. The actusl geometry employea is shown in Tuble I where L
in cm. is the distance between source and uetector and i/2 is the distance
from source to scatterer. The uiumeter of the scatterer and uetector
employed is &lso shown a8 S in em. and D in em. respectively. The trans-
mission corrected for single spherically symmetrical scattering ieads
directly to & determinetion of the cross section. The thickness of the
scatterer, X, was chosen to cb*ain a reasonable transmission and to
exclude the necessity of corrections for mwtiple scattering

~




The reswts of these meusSurements are listed in Tabie I wna
shown gruphically in Figures 1 anda 2. ‘he .ast column cf Tabie I
lists the wulues of & given by Bohm wna kichmun®. ‘heir calicuiation
assumea a potential fﬁgction naae up of a narrow deep Syuare .ell &and
a wiae shailow syuare tail of aimensions unecesswry to fit the value
of the guaudrapoie moment of the aeutercn ana tc¢ give the ,.roper values
of 1 8 scattering. The comparison bet.een the experimental resu.ts and
this theory is nade in Figure 1 by the full line. The scattering cross-
section calcuiated by Bohm and kKichman cn the basis of & sinple s, uare 1ell
is shown by the dotted curve in Figure 1. '

An exumin ation of these curves ieuds to the conclusion that
the more complex shere for the potential function is to be praferred.
"he accuracy of the measurements is .ot sufficiently great to aslow
susgestions for further moaification of the choice cf well shap e. It
is, however, interesting to note that the 1easurements .resent experi -
mental evidence that the over simplified syuare is Lot acceptable

6,7 A conparison between the resent resuits and those of former
workers is only pcssible in the range from 2.4 to 2.9 Mev. The
agreement is well within the statistical errors given by these authors.

Figure 2 shows the nanner in which the total sg-section of
carbon varies with neutron energy. & doublet state of C is seen to
exist, the energy levels lyiny at 8.53 and 9.21 Mev above the ground
state. The widths of these ievels must be much iess than that indi-
cated in the figure because the aifferential thick target technique
provides neutrons of from 100 to 300 ~ev total energy spread_ in the

energy region between 3.0 and 5.0 Mev. VYther inveotigutors™'’
values of ¢, for newsrons of energies 2.4 to 2.9 Mev are several ,er
cent larger than ours. 1t is diffiecwt to understund this minor ais-
wgreement except on the assumtion cf heavy irpurities in the cuarbon
scatterers employed by these workers.
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